This paper extends the concept of 'epistemic object' by analyzing how knowledgeintensive design work is achieved in practice. We use ethnographic fieldwork to explore the case of architectural design in which epistemic 'objects' are constituted by visual representations. In the design projects that we observe, a wide range of knowledge forms need to be developed and aligned. We describe these forms and the different professionals who are associated with them. We then explore how a range of visual representations are used simultaneously, and how these are meaningful in different ways to different stakeholders, eliciting their distinct contributions. As the project evolves and the drawings change, new issues and needs for knowledge work arise. Visual representations as 'artifacts of knowing' are characterized by an 'unfolding ontology' (Knorr Cetina 2001) -they are constantly in flux, rather than fully formed. Their emergence and use gives rise to a range of questions that demand coordination and collaboration across domains of knowledge or epistemes. With reference to specific instances, we chart how knowledge is developed collaboratively, through the use of visual representations. We find that visual representations are trans-epistemic objects, unfolding over time and across different spaces or domains of expertise. Finally, the knowledge work that they enable is grounded in their physical and digital manifestations.
Introduction
In recent social research there has been a renewed theoretical interest in the concept of practice, with some authors even identifying a "practice turn" in contemporary theory (Schatzki, Knorr Cetina and von Savigny 2001) . Simultaneously, there is also a call for more empirical research into actual working practices (Heath and Button 2002: 159-160; Heath, Knoblauch and Luff 2000: 302) . In the context of debates around the knowledge economy or the knowledge society (e.g. Giddens 1990; Beck 1992) , the question emerges as to how knowledge-intensive work is actually achieved in practice. This paper uses the concept of "epistemic object" (Knorr Cetina 1997; 2001) to develop one account of knowledge practices focused on the role of artifacts. Analyzing an in-depth study of design work, we ask, 'What are the objects used in everyday practice that play a significant role in how knowledge is developed and handled?' Our empirical work points to the centrality of visual representations as 'artifacts of knowing'. The study conducted involved in-depth ethnographic work in an architectural design practice. We followed the progress of two distinct building projects at different stages of development. Based on observing individual and collective design work within and beyond the boundaries of the firm, we discuss the role of visual representations as epistemic objects. On account of the multiple ways in which visual representations appear in the processes through which knowledge is developed in and across functional communities, we propose to see them as trans-epistemic 1 objects.
Previous work has argued that visual representations such as sketches, plans or diagrams assist knowing and learning in the following ways: They can embody a wide range of knowledge, extending from engineering-specific knowledge (Vincenti 1990 ) to aesthetic knowledge and sensitivity (Strati 1999; Ewenstein and Whyte 2004) . They are mobile and can be easily circulated so as to establish normative parameters and shared understanding (Latour 1986) . At the same time, they can be read in a way that allows professionals with different perspectives to make sense of and contribute to the new product development process (Eckert and Boujut 2003; Henderson 1999) . Visual representations are capable of signifying on multiple levels, containing relevant information for members of different professional communities. One of their central functions is thus to act as "boundary objects" (Star 1989; Carlile 2002 ).
These ways of embodying knowledge and assisting knowing are part of what allows us to see visual representations as "epistemic objects". However, the central characteristic of epistemic objects, as identified by Knorr Cetina (1997; 2001) , is their openness, their "lack in completeness of being" and their "capacity to unfold indefinitely" (Knorr Cetina 2001: 181) . This became apparent in the many iterations and changing versions of representations we observed in the course of our research. Recalling the capacity of certain visual materials to function as boundary objects and "conscription devices" (Henderson 1999) , visual representations as epistemic objects then appear doubly emergent: (1) in time, unfolding in terms of what they are not yet but might become in future iterations, and (2) in space, as standpoint-specific boundary objects, addressing and expressing different kinds of knowledge to members of different functional communities (Carlile 2002) .
Setting and Method
Edward Cullinan Architects is a professional service firm, offering architectural design services in the construction sector. It was founded in 1965 by Edward Cullinan (commonly known as Ted). The practice has been a major contributor to the development of post-war British architecture, constituting a productive context for the exploration of knowledge work. Work of the practice is frequently described in the architectural press, and has been written up in a number of monographs (Edward Cullinan Architects 1984; Powell 1995; Hale 2005) .
The firm has a well established culture, which puts value on the collective.
Unusually for a commercial organization, it is a partnership in which every member of staff acts as a partner. It is housed in an old warehouse in North London. The ground floor of the building houses meeting rooms and a kitchen, and there is a single, open, office space upstairs in which all members of staff work, with bays providing a home for project teams.
The practice faces a number of challenges relating to the continuity of knowledge and knowing, as its 74-year old founder heads past the age of retirement. Ted is an exceptionally talented architect, who makes a strong contribution to life within the firm.
Since he founded the practice it has changed from a small group of men to a modern office of 40 male and female staff. Over this time working practices have also changed, with the introduction of computers, word processing and computer-aided design. Ted remains actively involved in the conceptual design of projects, though he is now the only member of staff not to type their own letters or to use the computer for design work.
We followed design practice on two ongoing projects; observing and interviewing key members of staff, collecting secondary data and being involved in informal conversations regarding work. We also arranged for a number of feedback sessions with groups of architects interested in our work. To minimize the disruption caused by a research presence, once the initial contact was made, the first author acted as the main point of The planned herbarium extension connects to a wing of the existing herbarium and is intended to provide storage of dried plant specimens to arrive in the future. The brief requests that provisions be made for storage 50 years into the future. There are certain requirements that such storage facilities need to meet. The environment must be both fire resistant to protect the collection and climate controlled to avoid pests such as bugs destroying the collection. Mass storage in movable compactor units, fire protection of either 2 or 4 hours minimum and temperature regulation of about 15 degrees Celsius in storage areas place a number of specific structural, mechanical and spatial constraints on the design. For example, the most efficient way to organize storage given the volume requested and the constraints on basic floor space available is a basic rectangular layout, wherein three equally sized boxes house and protect the collection. To allow for the viewing of specimens, break out spaces extend outwards from the basic rectangular plan.
Another demand of the brief is to provide not only space for the world's most expansive collection of dried specimens, but also to provide a world-class reading room for the collection of library items and especially the rare books. This library also demands a preservation room where items are restored or prepared for preservation. Librarians and botanists demand offices and the entire Kew information services department and their graphic design and visualization technology will also need to be housed in the new building. The particulars of this brief dictate a number of parameters in terms of which existing ideas and solutions of both technological and more social nature can be applied and developed. Structurally and aesthetically, the existing site dictates a number of basic requirements such as allowing a connection to the existing wings of the present herbarium and the appearance of these buildings informs the expressive modes for the extension.
Density of knowledge forms
A wide range of knowledge forms extending from engineering specific knowledge to In a section of the Stage C report entitled "Architectural Proposals", the aesthetic knowledge developed is both visualized and verbally articulated. The architects write that a key outcome of this design stage has been to further engage with the brief provided by the client and then "to explore how that essence might be expressed as architecture" (Edward Cullinan Architects 2004: 14) . This exploration, intimation of essence and sublimation into architectural form draws on aesthetic knowledge (Strati 1999 ) and rationality (Vogel 2001) and constitutes a process of aesthetic reflexivity (Lash and Urry 1994; Ewenstein and Whyte 2004) . This mode of work demands non-verbal and sensebased modes of knowing. The development and application of aesthetic knowledge also becomes apparent in the following passage:
"The recycled brick proposal for the main storage building continues the wish for a rugged aesthetic, expressing the mass and solid nature of this massive, cool, dark 'archive' store. In contrast the lightweight timber and glazed elements 'hang' from this element, providing controlled study spaces that respond to their specific outlook and orientation. The gentle curved timber and glazed elements to the west of the archive store provide circulation linking all the elements together […]" (Edward Cullinan Architects 2004: 14) .
This passage describes a "rugged aesthetic", massive and solid, in contrast with "gentle"
and "lightweight" elements. An aesthetic sensitivity and competence that informs the design is expressed here. Further to this text, a number of perspective drawings provide an indication of the feel of the space to be created, the way it will look and lend itself to sensual experience. Knowledge developed here is distinct from the analysis provided by the structural engineer, the ventilation solution developed by the services engineer and the outline fire safety report and project Gantt chart, also included in the report. These different knowledge forms begin to illustrate the complexity and diversity of project knowledge. Visual representations as 'artifacts of knowing' express this range of knowledge and play a central role in its development within and across professional communities.
Different epistemic communities involved in the project work
The Kew Herbarium extension involves the independent and collaborative work of architects (Edward Cullinan Architects), environmental and services engineers, structural engineers, quantity surveyors, external environment and landscape consultants, traffic engineers and, of course, the briefing contributions offered by the client. Further stakeholders such as town planners and organizations like English Heritage are also involved and more participants will come on-stream once the project is taken on-site.
These different parties represent distinct epistemic communities and cultures (Knorr Cetina 1999). Knowledge practice in the context of this project involves cross-functional teams that cut across organizational boundaries. However, we often observed very close forms of collaboration within the design team, for instance in a meeting between the architects, the structural engineer and one of the services engineers coordinating inputs to an earlier stage report (A/B). The following exchange provides an indication of the almost intimate way of working together across organizational boundaries.
Str. eng.: I think it'd be useful if you send me my two pages, because at the moment I think we should either make it smaller or just sort of make it more compatible to the sort of the style that you've got in the rest of the report. I think I can probably work them up again. Last Wednesday, I didn't give myself lots of time. I can add a bit more to that section. Lead arch.:
And then we need to sort out how we're going to put the information for this new bit of work together. Serv. Eng.:
To me it sounds like we should be doing combined commentary. Lead arch.:
Yes, that's what it feels like.
Given the integrated nature of complex construction projects, knowledge is developed in close coordination and negotiation with other members of the cross-functional design team. What mediates this collaboration is the creation and exchange of visual representations; of drawings, plans, sketches and so on. Even end-user inputs which can be summarized succinctly in written form as, "The preservation area may be too small for equipment and a separate office is required" (Edward Cullinan Architects 2004: 9) were often determined by displaying and explaining visual representations. As drawings were made, discussed and modified with the users, the insight simply summarized as "the preservation area may be too small" was actually arrived at.
As the briefing process with staff of the herbarium, the library and the information services department continued throughout Stage C of the project, the design proposals in the form of drawings evolved from mere spatial zone definitions to more detailed plans illustrating rooms and even furnishings. This development, however, was not just a product of close relations between the architects and the end-users. Instead, drawings were viewed, commented on and changed by the architects in dialogue with users and a number of consultants: "The consultants also advised on space requirements for the structure, services, means of escape and disabled access" (ibid.). Drawings were read by different communities and stakeholders in different ways, allowing knowledge to emerge through interdisciplinary inputs. Our analysis confirms the notion put forward by Henderson (1999) that drawings act as a holding ground and negotiation space for different knowledge forms. For Henderson, it is the "meta-indexicality" of visual representations that allows for partial interpreting and situated sense-making. Drawing on semiotic theory that explores how signs can be invested with multiple meanings, we see visual media used in the design project as polysemous (Barthes 1975; Eco 1984) . That is, their meanings can be shifting, supporting different interpretations as (1) ambiguous working drawings rely on the beholder to complete the meaning of the representation;
and (2) as they contain multiple layers of (possibly precise) information and signification that carry different implications for different actors, depending on their context and agenda.
Situated interpretations of visual representation
Different inputs from expert designers and end-users alike are elicited and integrated through the use of visual representations. Drawings, sketches, plans or sections therefore act as devices to 'conscript' or enlist the contribution of others (Henderson 1999) . This can be a very subtle process of making apparent gaps, problems or uncertainties to be resolved by specific actors. In other instances, they contain a direct invitation for objects open up different issues to different audiences. This is because of the way meaning is made in and through the constituent parts of images: writing, pictures and notation (Elkins 1999) . Here, communication is not simply a linear process of encoding meaning at one end and decoding meaning at the other (Hall 1980 (Hall [1973 ). The numerical, verbal and especially the figural components of visual representations do not signify in a rigidly structural manner. Signifiers are negotiated, dis-and rearticulated, informed by the frame of reference the beholder brings to the representation (ibid.).
Shifting the discussion from the properties of the object to 'objectual practice' (Knorr Cetina 2001), we turn to a close description of the knowledge work performed in the following section.
Developing knowledge together through the use of visual representation
Intrinsically, epistemic objects raise questions. But how can they be modified and used Finding a suitable arrangement of the beams is not straight-forward as structural requirements may be in conflict with the architectural requirements, for instance over the position of the skylights or the layout on the floor itself. In this regard, the architect voices her concern that certain combinations of beams and skylights "would look messy".
Referring, pointing to and touching the visual representation, the engineer expresses his knowledge about the possible and suitable positions of the beams which the architect is sketching onto tracing paper. As an epistemic object, the visual representation used here poses a question or a problem: how can a suitable arrangement of beams to carry the roof be found? As a trans-epistemic object it elicits the knowledge of both the architect and the structural engineer. Finally, as an artifact of knowing, the representation allows not just for problem-definition, but also for the exploration of solutions and finally the embodiment of developed knowledge.
In the meetings observed between members of the design team, practice did not simply involve the 'use' of visual representations. More specifically, they were read, modified, annotated, covered with tracing paper and sketched over, interpreted in the context of other representations and, finally, touched. The tactile aspects of representation use were striking. Plans, sections, sketches, traces and so on were touched with hands and pens to illustrate during explanation as well as to enact physically an imaginary object yet to be conceived. In an instance we observed, people circulation, for example, was simulated by moving fingers along sketched corridors and into rooms. Different ideas and cross-disciplinary inputs are not simply 'mediated' by visual representations. They are physically enacted in a way that approximates Bechky's (2003) 
Evolving and unfolding: physical and digital dimensions of the epistemic object
In the course of the design project, visual representations evolve as project knowledge develops and as the concept of the building is ever more defined and refined. In this sense, circulating representations are not so much immutable mobiles (Latour 1986 through multi-layered drawing files that embody strata of distinct information, inviting selective interpretation and contribution. Trans-epistemic objects in our study must be understood to extend from the physical into the digital, facilitating the selective appropriation of meaning and contribution of knowledge.
Concluding remarks
In this paper we explored knowledge practices in the context of design. We observed the Over the course of a design project, sets of visual representations evolve as knowledge develops and the project is ever more defined. The representations in circulation that we observed are not so much "immutable mobiles" (Latour 1986 ), which serve to establish knowledge or create accepted 'truths', as essentially malleable Rheinberger's interplay between given technical objects and epistemic things in development (Rheinberger 1997). The role and appropriate conception of epistemic objects in practice thus depends significantly on the level of analysis: the spatial and temporal context in which the epistemic object is engaged. Furthermore, we find that the epistemic object itself cannot be adequately reduced to a single physical entity (e.g. one drawing or model): The process by which new knowledge and project learning is reinscribed into new sets of representations involves CAD technology. We found that cross-disciplinary knowledge development occurred through both physical artifacts and multi-layered drawing files that facilitated selective interpretation and contribution from different actors. In this study, trans-epistemic objects, then, reach beyond the physical into the digital.
We are not the only researchers looking at visual representation. But by understanding visual representations as trans-epistemic objects we draw attention to the ways in which they are pivotal to knowledge practice in design. With a view to further research, we suspect they might also be significant in a wide variety of innovation contexts.
